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Introduction 
These experiments were part of a multi-year study of the response of glassy polymers and how to model 
their response. The first paper in this regard was published in 1995 [1]. 
The experiments were conducted by Mehrdad Negahban and Steve Carroll at the University of Nebraska-
Lincoln, Lincoln, NE, USA in 1996. 
The experiments each are on poly(methyl methacrylate) (PMMA) that was annealed above the glass 
transition temperature and slowly cooled. Each test is an isothermal saw-tooth shear loading. The tests 
spanned 50
o
C to 140
o
C, both below and above the glass transition temperature of PMMA, which is 
approximately 105
o
C. 
Data files and citation 
The data files and this report are placed on the University of Nebraska-Lincoln Digital Commons for free 
access and download with the requirement that any use of the data will include the following citation: 
Mehrdad Negahban, "Negahban Group Report: Saw-tooth shear response of aged poly(methyl 
methacrylate) (PMMA)," UNL Digital Commons, 2017.  
Material and conditioning 
Lightly cross-linked Poly(methyl methacrylate) (PMMA) was obtained in bi-axially stretched sheet from 
Pilkington Aerospace (ACRIVUE 350s) in 1993-95. The as-received sheets were annealed for about 24 
hours at 150
o
C, and then oven cooled (oven was turned off and the sample was allowed to gradually cool 
within the oven). As a result of annealing, the sheets reduced in both directions by about 60% and their 
thickness approximately tripled.  
The PMMA showed a glass transition temperature of 100
o
C to 105
o
C. As a result, the slow oven cooling 
allowed substantial thermal aging of the sheet during slow cooling in the glassy range (below the grass 
transition temperature). 
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Testing 
Shear samples were prepared from the annealed and cooled sheets and were tested in a customized testing 
system. The sample and grips were in a convection thermal chamber that was used to heat the sample and 
grips and to control the sample temperature to within 0.5
o
C during the entire testing time. The testing 
system, including load cell were calibrated for isothermal testing over the entire temperature range. The 
load was kept at zero during the heating. The heating occurred over approximately two hours to allow 
heating of the sample, grips, and to allow the arms to come to steady state conditions before testing.  
Samples 
To span a range from about 50
o
C below the glass transition temperature to about 50
o
C above the glass 
transition temperature, the thickness of the samples were varied. The photograph shows all the samples 
after testing. As can be seen, samples above the glass transition temperature showed substantial recovery, 
with close to no failure, while the samples below the glass transition kept a large portion of the final 
shearing strain and the samples loaded at the lower temperatures developed a propagating crack at two 
edges of the shearing segment. 
 
Saw-tooth shear response of aged PMMA 
 
© 2017, Mehrdad Negahban Page 4 
 
Experimental results 
S450B1: Saw-tooth shear at 50
o
C 
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S460B1: Saw-tooth shear at 60
o
C 
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S470B1: Saw-tooth shear at 70
o
C 
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S480B1: Saw-tooth shear at 80
o
C 
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S490B1: Saw-tooth shear at 90
o
C 
 
 
Saw-tooth shear response of aged PMMA 
 
© 2017, Mehrdad Negahban Page 11 
 
 
S4100B1: Saw-tooth shear at 100
o
C 
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S4110B1: Saw-tooth shear at 110
o
C 
 
 
Saw-tooth shear response of aged PMMA 
 
© 2017, Mehrdad Negahban Page 14 
 
 
S4120B1: Saw-tooth shear at 120
o
C 
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S4120D1: Saw-tooth shear at 120
o
C 
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S4120F1: Saw-tooth shear at 120
o
C 
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S4120H1: Saw-tooth shear at 120
o
C 
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S4130B1: Saw-tooth shear at 130
o
C 
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S4130D1: Saw-tooth shear at 130
o
C 
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S4140B1: Saw-tooth shear at 140
o
C 
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Appendix 1. Experimental setup 
 The experimental system was a custom unit including an environmental chamber. The actuation arm 
entered the chamber from the top, and was connected to a fixed grip assembly. The load cell sat between 
the arm and the grip system. The displacement of the arm was measured through a spring loaded LVDT 
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and a thermocouple was placed on the sample. The thermal chamber took about two hours to come to 
equilibrium at a temperature without overshooting the target temperature, and kept the sample at constant 
temperature to within 0.5
o
C. The thermal chamber was controlled by a PID control unit attached to a 
heating element. The air in the chamber was continuously circulated using a fan. The displacement, load 
and temperature were automatically measured using a data acquisition system controlled by LabView 
software on a McIntosh. The following, respectively, show the loading system, a close-up of the load line, 
followed by the shearing grip. 
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